B
alance control is a complex task requiring feed-forward and feedback control involving somatosensory, neuromuscular, and cognitive body systems. Ambulatory individuals with incomplete spinal cord injuries (SCI) have impairments in their somatosensory and neuromuscular systems, which affects balance control and results in an increased risk of falling. The yearly incidence of falls in this group has been reported to be relatively high (39%-85%), [1] [2] [3] and loss of balance has been perceived as one of the most prominent factors contributing to falls. 1, 4 An appropriate assessment tool for balance control is necessary for examining the underlying reasons for balance impairments, for assessing changes in balance control, and for predicting future falls. The Berg Balance Scale (BBS) 5 is a hierarchically designed scale assessing functional balance with widespread use in neurological populations. Several studies claim the BBS is a reliable and valid scale also for the SCI population. 6, 7 However, there are some important limitations. Aspects of dynamic balance control important for functions of daily life (eg, balance during walking or postural reactions) are not covered by the BBS. One study investigating the scaling properties of the BBS in individuals with SCI found simpler items more appropriate for individuals in the early stages of recovery and more difficult items more appropriate for individuals in later stages. 8 This suggests that the BBS sum score might not be appropriate for all individuals with SCI. Other constraints described include a ceiling effect, 7,9 a relatively low responsiveness to change, 10 and redundancy within items and rating structure. 11 Hence, major revisions (eg, deleting 2 items: sitting unsupported and standing unsupported) and revising the scoring system have been suggested. 11, 12 However, the suggested revision will not eliminate the ceiling effect, an important limitation when applying the scale in individuals with chronic SCI with minor or moderate balance deficits. Moreover, the BBS has not been able to discriminate fallers from non-fallers in individuals with SCI. 6 The limitations of the BBS demonstrate a need for a balance assessment tool with better clinical and psychometric properties for use in individuals with chronic SCI. The Mini Balance Evaluation Systems Test (Mini-BESTest) is one alternative. 13, 14 Three studies comparing the Mini-BESTest with the BBS in individuals with neurological diseases [15] [16] [17] have concluded in favor of the Mini-BESTest due to its lack of a ceiling effect, slightly better reliability, and better responsiveness. However, with regard to fall prediction, research findings are contradictory. [17] [18] [19] The psychometric properties of the Mini-BESTest have recently been suggested to be satisfactory in individuals with neurological diseases 13 but have not yet been explored in individuals with SCI. Therefore, the aim of the present study was to assess floor and ceiling effects; internal consistency; construct validity through convergent, divergent, known groups; and structural validity and to compare the psychometric performances of the BBS and the Mini-BESTest in individuals with chronic SCI.
We made the following hypotheses:
A. The Mini-BESTest has no floor/ ceiling effect and demonstrates a more even distribution of scores across the scale than the BBS, as shown in other neurological populations.
B. The internal consistency of both the BBS and the Mini-BESTest is high because all items measure the underlying construct balance control.
C. In terms of convergent validity, we expect a strong correlation between the BBS and the Mini-BESTest, since both measure the similar underlying construct balance control. We expect that both scales have a moderate-to-high correlation to constructs close to balance control (eg, measures of general physical function and walking ability).
D. In terms of divergent validity, a low correlation with general quality of life is expected, as there are a number of other factors that are important for a person's experience of quality of life.
E. In terms of structural validity, we expect that the Mini-BESTest can distinguish more groups of balance control than the BBS due to its lack of ceiling effect for individuals with relatively good walking capability.
F. Both the BBS and the Mini-BESTest can differentiate between individuals with different levels of functional ability, as assessed by the Hoffer Ambulation Index, and concerns about falling, as assessed by the Fall Efficacy Scale-International (FES-I). Further, the BBS is unable (whereas the Mini-BESTest is able) to discriminate between recurrent and infrequent fallers due to better responsiveness.
Methods

Design
The study group was a subset from the Norwegian cohort of a one-year observational multicenter study on falls after traumatic SCI (SCI Prevention of Falls Study [SCIP FALLS Study]) ( Figure 1 ). 3 Participants were consecutively recruited in connection with regular follow-up admissions at Sunnaas Rehabilitation Hospital, Norway, from February 2013 through March 2014.
Included were individuals with traumatic SCI, American Spinal Injury Association Impairment Scale A-D, 20 at least one year post injury and at least 18 years of age, and able to walk 10 meters independently with or without walking aids. Motor complete injuries above C5 and lesions below L5 level were excluded. The study was approved by the regional ethics committee for medical research, and participants signed a written consent form after receiving oral and written information.
Data Collection
Data collection was conducted by the first author (V.J.), a physiotherapist experienced in testing balance in individuals with SCI. The physical tests were assessed in the same order for all participants. One test (sit to stand) identical in the BBS and Mini-BESTest was performed only once.
Outcome Measures
The Berg Balance Scale 5 is a 14-item test to evaluate functional balance. Each item is scored on an ordinal scale ranging from 0 to 4 (0 = unable, 4 = normal) with a total score ranging from 0 to 56 points. No assistive devices are permitted during the testing.
The Mini-BESTest 21 is a 14-item test targeting dynamic balance by assessing 4 subsystems influencing balance control: anticipatory postural adjustments, postural responses, sensory orientation, and balance during gait. Each item is scored on an ordinal scale ranging from 0 to 2 (0 = unable, 2 = normal), with a total score of 28 points. For 2 items (stand on one leg and compensatory stepping correction in lateral direction), both sides are tested, but only the lower score is included in the sum score. Assistive devices are permitted during testing, but using such devices lowers a participant's scores by 1 point on each item.
Activity Measures
The Spinal Cord Independence Measure version III (SCIM) 22 addresses the individual's ability to perform basic activities of daily living independently. The construct validity of the entire scale, as well as the mobility subscales, has been found to be moderate to high. 23 Only the mobility subscales, obtained through interviews, were used in this study, and these items have good construct validity to document ambulatory function. 24 The item scores are weighted relative to the assumed clinical relevance, and the sum score for the mobility items ranges from 0 to 40 points. The Timed Up and Go (TUG) 25 test assesses an individual's functional mobility, including balance terms. It measures the time a person needs to get up from a chair, walk 3 meters at a comfortable and safe speed, turn around, walk back, and sit down again. Necessary assistive devices are permitted. The construct validity in individuals with SCI has been found moderate to high. 26 In the 10-Meter Walk Test (10MWT), a validated test for the SCI population, 27 participants are timed while walking 10 meters at both normal and maximum speeds, and necessary assistive devices are permitted. In this study, participants started standing at the 0 mark and were allowed to pass the 10-meter mark before stopping. The entire 10-meter stretch was timed, and the time of 2 trials at each speed was recorded. The means of the normal and maximum-speed trials were used in the analysis. Walking Index for Spinal Cord Injury version II (WISCI II) 28 is a hierarchical scale that ranks the amount of physical assistance, braces, or devices needed by an individual to walk 10 meters. It runs from level 0: "unable to stand and/or participate in walking" to level 20: "ambulates with no devices, braces, or assistance" and has shown excellent construct validity. 29 The Hoffer Ambulation Index was originally developed for classifying walking ability in children with myelomeningocele in 5 functional categories ranging from community walker without walking aids to inability to walk. 30 The index has been used in children/adolescents with SCI 31 but has not been validated for the SCI population. In this study, it was used as a self-reported scale for identifying community walkers who did not require walking aids.
Quality of Life Measures
The International Spinal Cord Injury Quality of Life Basic Dataset 32 consists of 3 questions measuring satisfaction with general quality of life (QoL), physical health, and psychological health and has a Norwegian version. Only the 
Fall-Related Psychological Aspects
The Falls Efficacy Scale-International 34 is a self-reported, task-specific scale assessing an individual's concerns about falling during 16 different everyday activities. Each item is scored on a 4-point ordinal scale (1 = not at all concerned, 4 = very concerned) with a total score ranging from 16 to 64 points. The construct validity of the Norwegian version has been supported in the elderly population, 35 but no validation has been done in the SCI population. Fear of falling, a risk factor for falls in 2 previous studies including individuals with SCI, 1,3 was investigated with the single question "In general, are you afraid of falling?" with answer options of yes or no. 36 Although frequently used in studies, its validity has not been tested in any population. 37
Falls
A fall was defined as "an unexpected event in which the participants come to rest on the ground, floor, or lower level." 38 Falls were monitored for one year following inclusion. An automatic online short message service (SMS) (https://sms-track.com) was posted every second week asking if the participant had fallen. If yes, the number of falls was registered in a telephone interview. If participants failed to answer a reminder SMS sent 2 days later, subjects were contacted by telephone. In addition, to ensure compliance, all participants were contacted by telephone every 4 months. Fallers were dichotomized into infrequent fallers (0-2 falls/ year) and recurrent fallers (>2 falls/ year).
Statistical Analysis
The distribution of scores was calculated for both balance scales. Floor/ceiling effects were confirmed if more than 15% of the individuals scored the lowest/highest possible total score. 39 Missing data for outcome and predictor variables were rare (<2% for any measure). One participant died after 4 months and was excluded from the receiver operating characteristic (ROC) analysis of fallers. Normal walking speed was imputed as maximum speed for 3 participants who were unable to change their walking speed due to poor gait and therefore did not perform the maximal speed test. Missing items on FES-I were replaced with an individual's mean score if fewer than 3 were missing.
Internal consistency reliability was investigated using Cronbach's alpha. As both the BBS and Mini-BESTest are clinical tests, an alpha value of at least 0.90 was desired. 40 When examining validity, the taxonomy of the Consensus-based Standards for the Selection of Health Measurement Instruments (COSMIN) was used. 41 Given the lack of a gold standard for testing balance control, hypothesis testing was applied to investigate construct validity using Spearman's rank correlation coefficients (rs). Correlation coefficients were interpreted as follows: low = 0.26-0.49, moderate = 0.50-0.69, high = ≥0.70. 13 Receiver operating characteristics (Youden index) were used to analyze the relative ability of the BBS and Mini-BESTest in discriminating between known groups: participants who were community walkers without walking aids versus participants using mobility aids, infrequent fallers (0-2 falls) versus recurrent fallers (>2 falls), 42, 43 and participants with low (≤27 points) versus high concerns about falling (<27) (dichotomized at median value). P values ≤.05 were considered to be statistically significant.
Structural validity was assessed by applying Rasch analysis. 44 The balance scales were examined by the category structure with observed average, order of categories, outfit mean square (MnSq) value below 2.0, and by observing the probability curve. Scale validity was evaluated with infit MnSq values with threshold values between 0.6 and 1.4. Person response validity was evaluated by infit MnSq value (<1.4) and standardized z-values (<2.0). Up to 5% of the participants could show nonsatisfactory goodness-of-fit without threatening response validity. 44 Separation reliability was investigated to determine whether the scales could distinguish different levels of balance control. A reliability of at least 0.8 is recommended for a scale to distinguish between 3 or more groups associated with a person separation index of 2.0, which is considered to be good. 45 The person versus item map was used to determine the difficulty level of the balance scales matched to the ability levels of the participants. 
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Results
Participants
Of 47 eligible individuals, 1 declined to perform the Mini-BESTest and was excluded; thus, the final study population included 46 participants. The demographic and clinical characteristics of the patients are listed in Table 1 . Thirty-five participants (74%) were able to walk 10 meters without walking devices, and 22 participants (48%) classified themselves as community walkers not using walking aids.
Descriptive Statistics
The median sum scores for the BBS and Mini-BESTest were 51 (range: 8-56) and 20 (range: 0-28), respectively. The distribution of sum scores is shown in Figure 2 . Single items and sum scores together with the percentages of individuals achieving minimum and maximum scores are listed in Table 2 .
Floor and Ceiling Effects and Item Distribution
No participant scored 0 points, but 14 participants (28%) achieved the maximum score on the BBS, showing a ceiling effect. No floor or ceiling effects were observed for the Mini-BESTest; 1 participant scored 0, and 2 participants scored the maximum of 28 points. Three items on the BBS and 6 items on the Mini-BESTest had a median score below the maximum score. The walking ability of the 3 individuals with the lowest scores (0, 2, and 3 points on the Mini-BESTest and 13, 8, and 18 points on the BBS, respectively) was classified as nonfunctional, implying that they only walked in therapy sessions. 30 
Internal Consistency
Both the BBS and Mini-BESTest had good overall internal consistency (α = 0.94 and α = 0.95, respectively). The BBS items correlated strongly with the sum score (0.74-0.93), except for item 13 ("standing with one foot in front"), which correlated only moderately (0.64). The Mini-BESTest items correlated strongly with the sum score (0.70-0.86), except for item 14 ("TUG; dual task"), which correlated only moderately (0.51).
Construct Validity Convergent Validity
The Mini-BESTest correlated strongly with the BBS (rs = .899, P<.001) ( Figure 2D ). The scores on both scales were strongly correlated with TUG (rs = −.75, P < .001 and rs = −.75, P < .001), SCIM (rs = .83, P < .001 and rs = .88, P < .001), and time spent walking 10 meters (rs = −.81, P < .001 and rs = −.88, P < .001), respectively. Both scales showed moderate correlations with WISCI II (rs = .63, P < .001 and rs = .63, P < .001) and FES−I (rs = −.62, P < .001 and rs = −.68, P < .001) but no correlation or low and insignificant correlation with fear of falling (rs = .02, P = .87 and rs = −.32, P = .83, respectively).
Divergent Validity
There was no correlation between the BBS or the Mini-BESTest and the general QoL question (rs = .14, P = .34 and rs = .19, P = .20).
Known-groups Validity
The ability of the scales to discriminate between known groups is shown in Figure 3 and Table 3 . Both scales were able to discriminate between community walkers without walking aids (P<.001) versus participants using mobility aids, with cutoff points at >47/56 on the BBS and 19/28 on the Mini-BESTest. Both scales could also discriminate participants with low/high concerns about falling (dichotomized at median sum score on FES-I) with cutoff points of ≤46/56 on the BBS (P<.001) and ≤19/28 on the Mini-BESTest (P<.001). However, the specificity for the BBS in discriminating low and high concerns about falling was low (55%). Neither of the scales could discriminate between infrequent/recurrent fallers (P = .78 for the BBS and P = .64 for the Mini-BESTest).
Structural Validity
All possible response answers on the rating scales were used in both balance scales. However, there was a very low frequency (2%-5%) on response categories 1 and 2 of the BBS (ranging from 0 to 4); also, the probability curve shows no distinct peaks for these 2 responses. Good person response validity was found with 2 (4%) and 1 participant (2%), showing person misfit for the BBS and the Mini-BESTest, respectively. On the BBS, items "Retrieving object from floor" and "Standing with one foot in front" did not fit the recommendations for item goodness-of-fit. Furthermore, 3 items of the Mini-BESTest did not fit recommendations for item goodnessof-fit: "incline, eyes closed," "walk with horizontal head turns," and "TUG; dual task." The BBS was able to distinguish 2 groups with a separation index of 1.68 and a person reliability value of 0.74. The Mini-BESTest was able to distinguish more than 3 groups with a separation index of 2.95 and a person reliability value of 0.90. For the BBS, one item ("Sitting unsupported") was at the bottom of the logit scale, and no items were in the upper quarter of the logit scale. However, the participants were spread over most of the logit scale. Forty-six percent of the participants (n = 21) were in the upper quarter, and 7% (n = 3) were in the lower quarter for the BBS. The Mini-BESTest items were spread from 25% to 75% of the logit scale with no items at either the top or the bottom, and the participants were spread across the entire logit scale (eFigure, available at academic. oup.com/ptj).
Discussion
This study demonstrates that both the BBS and Mini-BESTest have good construct validity for assessing balance control in individuals with chronic SCI. However, the psychometric performances of the Mini-BESTest were better than those of the BBS. The Mini-BESTest had no ceiling effects, better structural validity in terms of its ability to distinguish groups, and slightly better scaling properties, as shown in the Rasch analysis. Neither of the scales could discriminate recurrent fallers from infrequent fallers. The BBS had a higher sensitivity for discriminating community walkers without walking aids, whereas the Mini-BESTest had a higher sensitivity for discriminating concerns about falling.
On the BBS, the 3 most difficult items included "reaching forwards," "standing with one foot in front," and "standing on one foot." The 3 most difficult items on the Mini-BESTest included "stand on one leg," "rise to toes," and "stepping correction-lateral." Individuals with SCI often have impaired muscle strength, especially in their posterior hips, knees, and ankles, which are important for balance control. The impaired muscle strength was supported by a high percentage of participants (26%) not able to complete the 10x Sit-to-Stand Test (10xSTS). Although feed-forward and feedback control are affected by an injured spinal cord, the difficulties in performing these tasks appeared to be largely caused by muscle paresis. When narrowing the base of support, bringing one's center of mass closer to the limits of stability, or putting greater demands on one leg, strength and coordination of muscle activity in the lower extremities is challenged. Moreover, compensatory techniques for maintaining standing position such as hyperextending knees and hips become more difficult. Standing on one leg appears to be associated with various levels of difficulty in the 2 scales, but this discrepancy is presumably due to the fact that in the BBS, the participant chooses which leg to test; in the Mini-BESTest, both legs are tested, and the lower score is used in the sum score.
As expected, the BBS showed a ceiling effect, and there was no ceiling effect in the Mini-BESTest. Furthermore, in the Mini-BESTest, the distribution of scores was less skewed. These findings correspond to the results noted for other neurological populations. [15] [16] [17] The participants with the lowest scores on the Mini-BESTest were not walking on a daily basis; they used wheelchairs to achieve mobility. This situation suggests no floor effect for ambulatory individuals.
The strong correlation between the BBS and Mini-BESTest supports the assumption that the scales measure the construct balance control, thus supporting construct validity of both scales. A tendency toward greater deviation in total score between the BBS and Mini-BESTest among individuals with better balance control, as shown in Figure 2 and the eFigure, available at academic.oup. com/ptj, suggests that the BBS sum score might not be appropriate for the overall SCI population but most appropriate for individuals with poorer balance control. This has also been argued by others. 8 Performance on the BBS and Mini-BESTest correlated strongly with Receiver operating characteristics (ROC) of the Berg Balance Scale and the Mini-BESTest for classifying individuals according to (A) walking ability (participants who were community walkers without walking aids versus participants using mobility aids)(n = 46), (B) low (FES I ≤ 27) versus high (FES-I > 27) concerns about falling (n = 46), and (C) recurrent (>2) falls versus infrequent falls (≤2) (n = 45). FES-I=Fall Efficacy Scale-International several measures assessing gait and physical function, thereby supporting the construct validity of the scales.
Both scales had the ability to distinguish known groups (walking ability and concerns about falling), which supports the construct validity. However, given the potential for false negatives and false positives, the suggested cutoff points should be used with caution. As expected, the BBS could not differentiate recurrent fallers from infrequent fallers, which is consistent with the findings of Wirz et al. 6 The Mini-BESTest also failed to discriminate these groups. This is in contrast to findings in individuals with stroke and Parkinson's disease (PD) 19,46 but consistent with recent findings in individuals with multiple sclerosis and with PD. 17, 47 Causes for falls are believed to be multidimensional, especially in younger adults; thus, it is not surprising that one measure alone has a poor ability to discriminate among groups of fallers.
The Rasch analysis revealed that all possible response categories of the balance scales' item scores were used in a logical order. However, for the BBS, few participants used response categories 1 and 2, probably partly due to the high proportion of well-functioning individuals. Similar results were also found in other studies, which have ascribed this finding to redundancy in rating categories. 11, 48 Item goodness-of-fit revealed that 2 items in the BBS ("Retrieving object from floor" and "Standing with one foot in front") did not fit the model. These 2 items require the ability to bend down and stabilize the hip region, which often is difficult for individuals with SCI. A relatively high proportion of individuals scored either 0 or 4 (15% and 72%, respectively, for "Retrieving object from floor," and 44% and 44%, respectively, for "Standing with one foot in front"), which might explain this misfit. For the Mini-BESTest, 3 items ("Incline, eyes closed," "Walk with head turns-horizontal," and "TUG; dual task") did not fit. The locked position of the ankles in dorsiflexion in the task when standing inclined may have helped to compensate for poor ankle stability and poor sensibility. Moreover, turning one's head and inclined standing with one's eyes closed are particularly challenging tasks for the vestibular system, which seldom is impaired in this group. Therefore, these tasks were associated with a better score than expected. Several participants had difficulties performing the cognitive dual task (counting backward from 100 in intervals of 3) while performing the TUG, although their balance was assessed as good. Balance control requires attentional resources, which increase with the degree of balance impairment and difficulty of the task. 49 When adding a cognitive task in TUG, attention is allocated away from walking. This may explain the difficulties of the participants, many of whom had impaired walking abilities. However, this item was associated with the lowest and only moderate item-to-sum score correlation, which may indicate that this item partly represents a different construct than balance, a point also expressed by other authors. 50 Both the BBS and the Mini-BESTest were able to discriminate between people with different levels of balance control. However, according to the Rasch analysis, the Mini-BESTest was able to separate more levels of balance control than BBS, indicating better sensitivity. This finding is consistent with our hypothesis. In clinical practice, good sensitivity is useful for assessing changes in balance control.
When observing a person-item map in terms of difficulty, the item order seemed logical, and each item represented different difficulties on the scale, with no items placed at exactly the same level of difficulty. However, the original hierarchical structure of the BBS did not apply for this sample, as observed in the study by Wong et al in adults with leg amputations. 48 When comparing the 2-person item maps for the BBS and Mini-BESTest, the hierarchy of the items was more evenly spread across the logit scale for the Mini-BESTest. Furthermore, in both the scales, the participants were spread across the entire logit scale. However, no BBS items appeared in the upper quarter of the logit scale. For the Mini-BESTest, most of the subjects (70%; n = 32) were in the middle part of the logit scale, confirming no floor or ceiling effects. This fact reveals that the Mini-BESTest captures a wider range of abilities and therefore may be more suitable for capturing changes in balance control.
This study has several limitations. The main limitation is the small sample and the fact that the majority were high functioning with scores in the upper half of both balance scales. Therefore, generalizability is limited, but the study sample reflects individuals with chronic SCI able to walk who come in for regular check-ups in a specialized rehabilitation hospital in Norway during one year.
Due to the study design, BBS was always performed before the Mini-BESTest. This study is, to the best of our knowledge, the first study to report on validity of the Mini-BESTest and to compare the construct validity of the BBS and Mini-BESTest in a sample of individuals with chronic SCI.
In conclusion, the BBS and Mini-BESTest are valid scales for assessing balance control in individuals with chronic SCI who are able to walk. The Mini-BESTest seems to be the preferable instrument for individuals with moderate or good walking abilities due to the lack of a ceiling effect, better responsiveness, and better scaling properties. However, for individuals with poorer walking function, the BBS may be more suitable. Given the choice of both scales, defining a cutoff score for when to use either scale may be helpful in clinical practice. 
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